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Different cytokine patterns associate with
melancholia severity among inpatients with
major depressive disorder

Lucas Primo de Carvalho Alves

Abstract

and Neusa Sica da Rocha

Background Six melancholic features (MFs) of the Hamilton Depression Rating Scale

(HAM-D,] represent the construct of melancholia along a continuum of severity (from least to
most severe: depressed mood, work and activities, somatic symptoms, psychic anxiety, guilty
feelings, psychomotor retardation). We aimed to evaluate the association between these MFs

and inflammatory cytokines (IC) in the blood.

Methods Each IC [interferon gamma (IFN-y), tumor necrosis factor alpha (TNF-al, interleukin
2 (IL-2), IL-4, IL-6, IL-10, and IL-17] was associated with the HAM-D, MFs of 139 severely
depressed inpatients, using multiple linear regressions adjusted for covariates. Levels were

compared with those of 100 healthy controls.

Results Depressed mood was associated with higher levels of IL-4 (3=0.167; p=0.041). Psychic
anxiety: lower IL-17 levels (=-0.173; p=0.039). Guilt feelings: lower IL-2 levels ([B=-0.168;
p=0.041) Psychomotor retardation: higher IL-6 levels [3=0.195; p=0.017]). Depressed patients’
TNF-a, INF-y, and IL-4 levels were not significantly different from controls. Depressed patients’
IL-2, IL-6, IL-10, and IL-17 levels were higher than those of controls (p <0.001).

Conclusion Less severe MFs (depressed mood, psychic anxiety, and guilt feelings) were
associated with an anti-inflammatory pattern (higher IL-4, lower IL-17 and lower IL-2,
respectively). The presence of the most severe MF, psychomotor retardation, was associated
with a higher pro-inflammatory response (higher IL-6).
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Introduction

Major depressive disorder (MDD) is one of the
leading causes of disability, and is among the
most prevalent of psychiatric disorders world-
wide.,2  Several clinical trials, such as the
STAR*D trial, showed that about one-third of
MDD patients did not achieve remission after
multiple trials with different antidepressants;
additionally, most antidepressant drugs act, at
least in part, by increasing monoaminergic trans-
mission.? Hence, in the search for novel therapeu-
tic targets to treat MDD, there is growing interest
on the role of inflammation and the immune sys-
tem in MDD pathogenesis.*>

There is significant pre-clinical and clinical evi-
dence that the immune system contributes to the
pathological expression of MDD. It has been
consistently shown that higher levels of pro- and
anti-inflammatory cytokines are associated with
MDD.36-10 Other evidence supports the idea that
depressive symptoms can be induced by pro-
inflammatory cytokines, for example, the inter-
feron (IFN) treatment among patients affected by
the hepatitis C virus.!! Furthermore, inflamma-
tory somatic disorders, such as psoriasis, inflam-
matory bowel disease, and rheumatoid arthritis,
are highly comorbid with MDD, and recent large
randomized trials revealed that treatments that
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targeted inflammatory cytokines were associated
with greater reductions in depressive symptoms
than other treatments.!213 Recent meta-analyses
of randomized clinical trials showed that anti-
cytokine treatment was superior to placebo for
depressive symptoms among patients with chronic
inflammatory conditions.!%!5 Finally, it has been
proposed that the relationship between MDD
and the immune system can be attributed to the
hyperactivity of the hypothalamic—pituitary—adre-
nal (HPA) axis as a result of anomalous feedback
inhibition from endogenous glucocorticoids.16

Most studies that evaluated pro- and anti-inflam-
matory cytokines focused on comparing their lev-
els between patients and controls, not testing
which MDD signs and symptoms were implicated
in the immune dysregulation.!” Cumulative meta-
analysis showed that the most consistent findings
of cytokine changes in patients with MDD were
higher levels of interleukin (IL)-6, and C-reactive
protein compared with controls.!® Another meta-
analysis of 82 studies showed that patients with
MDD have higher levels (compared with con-
trols) of IL-6, IL-2, IL-10, IL-13, IL-18, tumor
necrosis factor (TNF) alpha (-a), C-C chemokine
ligand 2, the IL-1 receptor antagonist, and the
soluble TNF receptor 2.1 The same study
showed that the same patients had lower levels of
IFN gamma (-y).!° Nevertheless, a growing body
of evidence suggests that the individual Diagnostic
and Statistical Manual of Mental Disorders, 5th edi-
tion (DSM-5) criteria for MDD have different
risk factors and genetic backgrounds.20-22 In addi-
tion, although the melancholic features of depres-
sion are associated with genetic and biological
determinants and abnormalities in the HPA
axis,?325 few studies have evaluated changes in
inflammatory cytokines among patients with
those signs and symptoms.2%:27 Also, those studies
were restricted to small sample sizes, and, as far
as we know, no study aimed to test specifically
which melancholic features were associated with
higher or lower cytokine levels in a more homoge-
neous subgroup of patients and using a melan-
cholia rating scale. One study, however, aimed
to test the association between the Hamilton
Depression Rating Scale (HDRS-17) and the
Beck Depression Inventory (BDI-II) with some
ILs, TNF-a, and IFN-y in a sample of 30 inpa-
tients and outpatients and found that a somatic-
affective factor of BDI-II (loss of pleasure,
interest, energy, or interest in sex; agitation; inde-
cisiveness; changes in sleeping pattern or appe-
tite; irritability; concentration difficulty; fatigue)

were negatively associated with all the cytokines
that were tested.!”

Regarding the clinical evaluation of melancholic
depression, the specifiers of melancholia seem
too non-specific in the DSM-5. These identifiers
do not enable practitioners to evaluate distinct
depression subtypes;?® even the DSM-5 criteria
for MDD can result in 1482 different presenta-
tions of the same syndrome.?® In contrast, six
items of the HDRS-17, (HAM-D,) were pro-
posed to measure the melancholic features that
were traditionally correlated with biological sub-
strates.3033 The six items of the HAM-D, are
depressed mood, feelings of guilt, impairment of
work and activities, psychomotor retardation,
general somatic symptoms, and psychic anxiety.33
A recent systematic review showed that the HAM-
D, is superior to the HDRS-17 in detecting symp-
tomatic changes of depression after biological
treatments.?* Furthermore, we could show,
through the item-response theory, that these six
items could represent a homogeneous construct
(i.e. melancholic depression) and that these fea-
tures could be ordered by their severity.3>
According to the item-response theory (a statisti-
cal model derived from educational sciences),
signs and symptoms of a rating scale could be
compared with a school test, where there are eas-
ier and more difficult questions. The most diffi-
cult questions (more severe symptoms) would
discriminate better the ones with better perfor-
mance (more depressed patients) than the oth-
ers.?> Hence, only the most severe patients would
be the more likely to score higher in the most
severe signs and symptoms. We showed that
depressed mood and impaired work and activities
are the least severe melancholic symptoms, fol-
lowed by somatic symptoms and psychic anxiety
in the middle, and guilt feelings and psychomotor
retardation at the top. Since the most severe signs
and symptoms may be only present in the most
severe cases, we believe that they may be more
representative of a biological substrate of depres-
sion. For example, depressed mood was com-
puted as the less severe symptom of MDD,
probably because it is a ‘filter symptom’, since
MDD patients have to present with depressed
mood or anhedonia to fulfill the DSM-5 diagnos-
tic criteria.?53¢ However, only the presence of
depressed mood may not be representative of a
biological substrate, since multiple presentations
of MDD are possible even though all patients
present with depressed mood. So, a homogene-
ous continuum of signs-and-symptoms severity
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may address this issue. A previous study also
showed that the most severe feature of the HAM-
D, psychomotor retardation, is associated with
lower brain-derived neurotrophic factor (BDNF)
levels.37

Aims of the study

The objective of this study was to evaluate the
association between melancholic features, meas-
ured through the melancholic subscale of the
HDRS (six items), and cytokine levels, more spe-
cifically, TNF-a, IFN- v, IL-2, I1.-4, IL-6, IL-10,
and IL-17. Our primary hypothesis was that
higher levels of the pro-inflammatory cytokines
(INF-a, IFN-y, IL-2, IL-6, and IL-17) and
lower levels of anti-inflammatory cytokines (IL-4
and IL-10) would be associated with the more
severe features of melancholia.

Material and methods

We conducted a cross-sectional study with a
healthy control group. Inpatients were recruited
from the Hospital de Clinicas de Porto Alegre,
located in southern Brazil, between May 2011
and October 2013. The Hospital de Clinicas de
Porto Alegre is a university-associated general
tertiary care hospital and is a psychiatry referral
center in its region of Brazil. Its psychiatry unit is
located within the general hospital and serves
patients from the public health system as well as
those with health insurance plans.

For this study, the included patients were inpa-
tients =18 years of age who were diagnosed with
MDD by the DSM-IV criteria using the Mini
International Neuropsychiatric Interview (MINI)
on the day of the admission.3® Structured inter-
views were performed by one member of a team
of psychiatrists who were not involved in the
patients’ care. Both patients with unipolar depres-
sion and patients in the depressive state of bipolar
disorder were included in the analysis. We
excluded patients with: hospital stays <7 days;
drug or alcohol addiction or dependence as the
main diagnosis; pregnancy or breastfeeding; acute
or chronic infectious, autoimmune, neoplastic, or
endocrine disease; or the occurrence of myocar-
dial infarction, or other major cardiovascular dis-
orders in the last 6 months.

After the diagnosis of MDD, the symptomatology
of MDD was evaluated through the HDRS-17,3°
HAM-D, (melancholic subscale of HDRS-17),

and Clinical Global Impression (CGI) scale. The
items 1, 2,7, 8, 10, and 13 of HDRS-17 compose
the HAM-Dyq, that is, depressed mood, guilt feel-
ings, work and activities, psychomotor retarda-
tion, psychic anxiety, and somatic symptoms.3¢
The items 1, 2, 7, 8 and 10 are rated from O to 4,
while item 13 is rated from 0 to 2. The sum of
scores can provide cut-points of severity accord-
ing to CGI evaluated by experienced psychia-
trists: 0—4: no depression; 5-6: doubtful; 7-8:
mild depression; 9—11: moderate depression; 12—
22: severe depression.?¢ Other demographic and
clinical variables were also collected: years of
study (continuous variable; it represents the
amount of years that the patient stayed in formal
education); smoking; use of alcohol; previous sui-
cide attempt; past manic or hypomanic episode;
antidepressant use (all of them were yes/no vari-
able); ethnicity and marriage status.

Also, we collected venous blood samples (10ml)
by venipuncture into an anti-coagulant-free tube.
The samples were centrifuged at 4000¢ for 10 min
and serum was collected and stored at —80°C.
Serum cytokine concentrations were determined
by flow cytometry using the BD™ cytometric bead
array T-helper cell 1 (Th1)/Th2/Th17 Human
Cytokine Kit (BD Biosciences, San Diego, CA,
USA). This kit allows the discrimination of the
anti-inflammatory cytokines II.-4 and IL-10, and
the pro-inflammatory cytokines, IL-2, IL-6, TNF-
o, IFN-y, and IL-17. We used a FACSCalibur
flow cytometer (BD Biosciences) for sample pro-
cessing and data analyses. The results were gener-
ated in graphical and tabular formats using the
FCAP Array™ cytometric bead array analysis soft-
ware (BD Biosciences).

One hundred healthy blood donors were invited
to participate as a healthy control group. A psy-
chiatrist not affiliated with the hematologic center
conducted the same structured interviews using
MINI and, if the subjects met the diagnostic cri-
teria for any psychiatric disorder, they were
excluded from the study. Controls were also
excluded if they were using any psychiatric medi-
cations at the time of the interview. Inflammatory
marker measurements were conducted after
screening the participants’ medical histories,
physical examinations, and laboratory tests in the
Brazilian hematologic center of the Federal
University of Rio Grande do Sul.

Both patients and controls signed a written
informed consent form before entering the study.
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The Comissdo Cientifica e Comité de Etica em
Pesquisa from the Hospital de Clinicas de Porto
Alegre approved the study (approval number
10-0265).

Statistical analyses were performed using the
SPSS® version 24.0 software package (IBM
Corporation, Armonk, NY, USA). Patients’
demographic data were described using means
and standard deviations (for normal data), medi-
ans and interquartile ranges (IQRs; for non-nor-
mal data), or frequencies. The normality of the
data was assessed via the Shapiro—Wilk normality
test. Bivariate Spearman correlations or Mann—
Whitney U tests evaluated the association of
potential confounders with cytokine levels and
entered the multivariate analysis if p>0.2. We
performed multiple linear regressions with each
cytokine as the outcome variable, and the HAM-
D, variables as predictors corrected by covariates
among patients with MDD. The variables consid-
ered as potential confounders were sex, age (in
years), marital status, years of study (in years),
ethnicity, body mass index (BMI), bipolar versus
unipolar depression, current use of tobacco, use
of alcohol, use of antidepressants, use of antipsy-
chotics, use of anticonvulsants, or use of lithium.
All drugs or substance use were binary variables
(yes/no). Cytokine values were normalized using
a logarithmic transformation. We used the back-
ward method, regarding the HAM-D, variables,
and covariates were not excluded from the mod-
els. We stopped performing models when either
all predictors (HAM-D,) had a p value <0.05 or
no variables were statistically significant. We
checked the assumptions of the regression models
by the visual inspection of the residual plots and
Shapiro—Wilk normality tests of the residuals.

The levels of the patients’ inflammatory cytokines
were compared with those of the controls. As the
variables did not fulfill the normality assump-
tions, we compared the groups using the Mann—
Whitney U test. All data were considered
significant (two tailed) at » <0.05.

Results

A total of 139 MDD inpatients were included in
the analysis. The patients and controls’ demo-
graphic data are presented in Table 1. Most of the
patients were women with at least one previous
psychiatric hospitalization and at least one previ-
ous suicide attempt. Most patients had a baseline

CGI of 5 or more (markedly ill) and a mean
HDRS-17 score of 22.57 (+£6.74).

The patients’ and controls’ inflammatory
cytokines levels are shown in Table 2. The levels
of TNF-a, IFN-y, and IL.-4 among patients were
not statistically significantly different from those
of controls; however, the levels of IL.-2, IL-6,
IL-10, and IL-17 were higher among patients
than controls.

We found no significant association between the
potential confounders in bipolar versus unipolar
depression, current use of tobacco, use of alcohol,
use of antidepressants, use of antipsychotics with
any cytokine. However, the following confound-
ers remained significant (p>0.2), which we used
as covariates: sex, BMI and use of anticonvul-
sants for IFN; age, BMI and years of study for
IL-10; age, BMI, years of study, marital status
and use of lithium for IL-6; use of anticonvulsant
for IL-4; age, sex and use of anticonvulsant for
IL-2; age and years of study for IL-17. Hence,
these variables remained in the final model of the
multivariate analysis. Overall severity of depres-
sion measured by HAM-D, was not associated
with any of the studied cytokines, either on simple
non-parametric correlations or on adjusted mod-
els for covariates (Supplemental material). Results
of initial and final multivariate models regarding
association between individual melancholic fea-
tures and cytokines are presented in Table 3.

Figure 1 shows the correlations between the
cytokines and the melancholic features of depres-
sion, ordered by severity, and adjusted for signifi-
cant confounders. Depressed mood was positively
associated with higher IL-4 levels ($=0.17;
p»=0.041). Psychic anxiety was associated with
lower levels of IL-17 (B=-0.173; »=0.039).
Guilt feelings were associated with lower levels of
IL-2 (B=0.168; p=0.041). The presence of psy-
chomotor retardation was positively associated
with IL-6 (3=0.195; p=0.017). No other models
had significant associations between melancholic
features and cytokines.

Discussion

To our knowledge, this is the first study that aims
to evaluate the association between the melan-
cholic features of depression and inflammatory
cytokines in a sample of severely depressed inpa-
tients. Previously, we have shown that the
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Table 1. Demographic and clinical information among severely depressed inpatients and healthy controls.

Patients (n=139) Controls (n=100) p value
Age, median (IQR) 43 (33-55) 31 (25-42) <0.001
Sex
Female, n (%) 81 (58.3) L4 (44) 0.03
Ethnicity
White, n (%) 115 (82.7) 83 (83] 0.9
Non-White, n (%) 24 (17.3) 17 (17)
Marriage status, n (%)
Single 45 (32.4) 42 (42) <0.001
In a relationship/married 59 (42.4) 53 (53)
Separated 27 (19.4) 5 (5]
Widowed 8(5.8) 0(0)
Years of study, median (IQR) 10 (6-11) 11 (11-15) <0.001
Smoking, n (%) 41 (34.3) 18 (24.7) 0.04
Use of alcohol, n (%) 24 (17.3) 75 (75) <0.001
Number of previous psychiatric admissions, median (IQR) 1(0-3.25) -
Reported previous suicide attempts, n (%) 90 (64.7) -
Past manic or hypomanic episode, n (%) 48 (34.5) -
HDRS-17, mean (+SD) 22.57 (*£6.74) -
HAM-D,, mean (+SD]) 10.82 (3.63) -
CGl, median (IQR) 5 (4-5) -
Antidepressant Use, n (%) 53 (38.8) -
SSRI, n (%) 50 (23.74)
SNRI, n (%) 5 (3.60)
TCA, n (%) 12 (8.63)
Other, n (%) 6(4.32)
Antipsychotic use, n (%) 62 (44.60) -
First generation 36 (25.90)
Second generation 48 (34.53)
Anticonvulsants use, n (%) 25(17.98) -
Carbamazepine 5 (2.00)
Lamotrigine 2 (1.43)
Valproate 19 (13.67)
Lithium use, n (%) 25(17.98) -

CGl, Clinical Global Impression; HDRS-17, Hamilton Depression Rating Scale 17; HAM-D,, six items of the HDRS-17; IQR, interquartile range; SD,
standard deviation; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressant.
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Table 2. Comparison of inflammatory cytokines between patients and controls.

Patients (n=139) Controls (n=100) p value
TNF-a pg/ml, median (IQR) 1.91 (1.47-2.30) 1.8 (1.4-2.15) 0.15
IFN-y pg/ml, median (IQR) 1.41(1.1-1.77) 1.52 (1.17-1.79) 0.22
IL-2 pg/ml, median (IQR) 1.03 (0.84-1.25) 0.81(0.67-1) <0.001*
IL-4 pg/ml, median (IQR) 0.51(0.4-0.68]) 0.48 (0.37-0.59) 0.09
IL-6 pg/ml, median (IQR) 2.73 (1.34-6.18) 0.69 (0.48-1.19) <0.001*
IL-10 pg/ml, median (IQR) 0.89 (0.67-1.16) 0.52 (0.42-0.7) <0.001*
IL-17 pg/ml, median (IQR) 54.28 (35.89-71.56) 26.93 (20.7-45.34) <0.001*

*p <0.05 in the Mann-Whitney U test.
IFN, interferon; IL, interleukin; TNF, tumor necrosis factor.

melancholic features measured by the HAM-D,
are a homogeneous group of signs and symptoms
and that can be ordered by their severity.3>36 In
the present study, the main finding was that less
severe melancholic symptoms (depressed mood,
psychic anxiety, and guilt feelings) were associ-
ated with an anti-inflammatory response (higher
levels of IL-4 and lower levels of IL-17 and IL-2).
In contrast, the most severe melancholic feature,
psychomotor retardation, was associated a pro-
inflammatory profile, that is, higher levels of IL-6.

The finding that depressed mood, psychic anxi-
ety, and guilt feelings were positively associated
with IL-4 negatively associated with IL-17 and
IL-2, respectively, suggests that an anti-inflam-
matory response is present in the neurobiology of
MDD, but only for the less severe melancholic
symptoms. This can be explained by the theory
that there is an imbalance between the cytokines
produced by Thl lymphocytes (INF-y, TNF,
IL-2; pro-inflammatory) and Th2 lymphocytes
(IL-4, IL-10; anti-inflammatory) among patients
with MDD.4° These changes, in which there is a
preponderance of Th2 over Thl, could be also
mediated by elevated cortisol levels in the initial
phases of MDD.4! Therefore, one possible expla-
nation for our findings is that there is an anti-
inflammatory response in the early stages of
MDD (perhaps mediated through high cortisol
levels due to stress), but that it becomes a high
pro-inflammatory response among patients in the
most severe stages (i.e. those who present with
psychomotor retardation). However, we should
note that, although higher levels of I1.-4 were pre-
sent among patients with less severe symptoms,

patients’ IL-4 levels were not different from con-
trols. In contrast, although patients with MDD
presented with higher levels of IL-10 than con-
trols, we found no specific melancholic feature
that was responsible for this increase. Indeed,
even other clinical and demographic data that we
elected as potential confounders remained signifi-
cant in the multivariate model for this cytokine.
The fact that an anti-inflammatory cytokine was
positively associated with melancholic features
suggests that cytokines are not necessarily ‘pro-
depressive’, but may be related to a specific regu-
lation of signs and symptoms of depression.!” On
the other hand, the fact that we found no variable
that could explain higher levels of IL-10 suggests
that there remain unknown variables responsible
for immune dysregulation among patients with
MDD.

Also, we found that psychomotor retardation was
associated with higher levels of IL-6. Firstly, there
is robust evidence that this clinical sign is a spe-
cific feature of melancholia and may reflect its
underlying pathophysiology.42-4* Further, recent
studies showed that the presence of psychomotor
retardation is associated with lower levels of
BDNF?7 and that higher levels of inflammatory
cytokines (such as IL-6 and IL-10) are associated
with decreased psychomotor speed.*> Regarding
IL-6, it is the most consistently elevated interleu-
kin in MDD; IL-6 levels among MDD patients
are higher than those of controls.3-%10 In addition,
there is evidence that associates higher levels of
IL-6 and the severity of depressive symptoms
among patients with MDD with melancholic fea-
tures.?? IL-6 typically acts together with TNF-a
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Table 3. Multivariate models associating melancholic features of depression and cytokines adjusted for confounders among
depressed patients.

Cytokine Initial model Final model
Variables B B (SE) p value Variables B B (SE) p value
INF-y Sex -0.12 -0.15(0.11) 0.16 Sex -0.09 -0.12(0.11) 0.26
BMI -0.15 -0.02 (0.01) 0.07 BMI -0.15 -0.02 (0.01) 0.08
Use of 0.30 0.54(0.15)  <0.001 Use of 0.26 0.46 (0.14) 0.002
anticonvulsant anticonvulsant
Depressed mood 0.18 0.09 (0.05) 0.08
Work and activities 0.08 0.05 (0.05) 0.36
Somatic symptoms  -0.12 -0.11(0.09) 0.20
Psychic anxiety 0.14 0.09 (0.06) 0.13
Guilt feelings -0.08 -0.04 (0.05) 0.40
Psychomotor -0.08 -0.06 (0.07) 0.36
retardation
TNF-a Depressed mood 0.06 0.03 (0.05) 0.58 -
Work and activities  -0.04 -0.02 (0.04) 0.70
Somatic symptoms ~ 0.07 0.05 (0.08) 0.50
Psychic anxiety -0.05 -0.02 (0.05) 0.62
Guilt feelings -0.15 -0.07 (0.05) 0.12
Psychomotor -0.12 -0.07 (0.06) 0.20
retardation
IL-10 Age 0.11 0.01(0.01) 0.27 Age 0.10 0.01 (0.01) 0.31
BMI 0.12 0.02 (0.01) 0.22 BMI 0.14 0.02 (0.01) 0.12
Years of study -0.002 0.00 (0.02) 0.98 Years of study -0.003 -0.001 (0.02) 0.97
Depressed mood 0.17 0.10 (0.07) 0.16
Work and activities 0.08 0.05 (0.07) 0.46
Somatic symptoms  -0.10 -0.11(0.11) 0.34
Psychic anxiety -0.01 -0.01 (0.08) 0.95
Guilt feelings -0.11 -0.08 (0.07) 0.28
Psychomotor 0.06 0.05 (0.09) 0.58
retardation
IL-6 Age 0.36 0.03(0.01)  <o0.001 Age 0.36 -1.481(0.77)  <0.001
BMI 0.14 0.03 (0.02) 0.09 BMI 0.15 0.03 (0.02) 0.12
Use of lithium 0.06 0.20 (0.33) 0.79 Use of lithium 0.07 0.23 (0.32) 0.47

(Continued)]
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Table 3. (Continued)

Cytokine Initial model Final model
Variables B B (SE) p value Variables B B (SE) p value
Years of study -0.10 -0.03 (0.03) 0.30 Years of study -0.10 -0.03 (0.03) 0.26
Marriage status Ref. Marriage status  Ref.
Single Single
In a relationship/ -0.19 -0.47 (0.26) 0.07 Ina -0.18 -0.43 (0.26) 0.09
married relationship/
married
Separated -0.11 -0.38 (0.39) 0.33 Separated -0.10 -0.38(0.38) 0.33
Widowed 0.10 0.71 (0.69) 0.30 Widowed 0.10 0.73 (0.67) 0.28
Depressed mood 0.13 0.13(0.11) 0.23 Psychomotor 0.21 0.30(0.12) 0.02
retardation
Work and activities 0.05 0.05(0.10) 0.63
Somatic symptoms ~ -0.02 -0.04 (0.17) 0.82
Psychic anxiety -0.07 -0.09 (0.12) 0.42
Guilt feelings -0.03 -0.03 (0.10) 0.74
Psychomotor 0.16 0.22(0.13) 0.09
retardation
IL-4 Use of 0.33 0.62(0.16) <g.001  Useof 0.3 0.57(0.05) <0001
anticonvulsant anticonvulsant
Depressed mood 0.18 0.10 (0.06) 0.08 Depressed 0.17 0.09 (0.05) 0.04
mood
Work and activities  -0.006 -0.01(0.05) 0.95
Somatic symptoms 0.10 0.10 (0.09) 0.30
Psychic anxiety 0.08 0.06 (0.06) 0.34
Guilt feelings -0.15 -0.09 (0.06) 0.09
Psychomotor -0.03 -0.02 (0.07) 0.77
retardation
IL-2 Age 0.07 0.01 (0.01) 0.39 Age 0.08 0.01(0.01) 0.33
Sex -0.13 -0.13(0.09) 0.13 Sex -0.1 -0.11(0.08) 0.21
Use of 0.32 0.45(0.12)  <0.001 Use of 0.31 0.43(0.11) —g.001
anticonvulsant anticonvulsant
Depressed mood 0.05 0.02 (0.04) 0.60 Guilt feelings -0.17 -0.08 (0.04) 0.04
Work and activities  -0.04 -0.02 (0.04) 0.63
Somatic symptoms ~ -0.10 -0.07 (0.07) 0.30
Psychic anxiety 0.08 0.04 (0.05) 0.35
Guilt feelings -0.16 -0.08 (0.04) 0.07

[Continued)
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Table 3. (Continued)

Cytokine Initial model Final model
Variables B B (SE) p value Variables B B (SE) p value
Psychomotor -0.08 -0.05 (0.05) 0.39
retardation

IL-17 Age 0.19 0.01 (0.01) 0.05 Age 0.17 0.01(0.01) 0.07
Years of study -0.05 -0.01 (0.01) 0.59 Years of study -0.05 -0.01 (0.01) 0.57
Depressed mood 0.02 0.01 (0.06) 0.83 Psychic anxiety — -0.17 -0.11(0.05) 0.04
Work and activities  -0.02 -0.01 (0.06) 0.86
Somatic symptoms 0.01 0.01(0.10) 0.93
Psychic anxiety -0.16 -0.10(0.07) 0.13
Guilt feelings -0.04 -0.02 (0.06) 0.68
Psychomotor 0.10 0.08 (0.08) 0.30

retardation

BMI, body mass index; IL, interleukin; IFN, interferon; Ref., reference; SE, standard error; TNF, tumor necrosis factor.

0,25 IL-4 IL-6
0,2 P=0.04 P =0.02
€ 0,15
@
=}
£ 01
[}
8
« 0,05
el
8 0
2
% -0105 .
g
& 01
IL-17 IL-2
-0,15 P=0.04 P=0.04
-0,2
Depressed Mood' Work and Somatic Psychic Anxietyz Guilt Feelings3 Psychomotor4
Activities Symptoms Retardation
| T
Anti-inflammatory pattern Pro-inflammatory pattern

Figure 1. Correlations between inflammatory cytokines and melancholic features of depression adjusted for
confounders.

Blue bars represent an anti-inflammatory cytokine and the red bar represents a pro-inflammatory cytokine.

'Adjusted for use of anticonvulsants.

?Adjusted for age.

3Adjusted for sex, age and use of anticonvulsant.

“Adjusted for use of age, body mass index and use of lithium.

IL, interleukin.

and is usually secreted by T cells and mac- corroborate the literature in that psychomotor
rophages.* Also, IL-6 seems to induce the repres- retardation may be a clinical feature that repre-
sion of BDNF, implicating IL-6 in the sents an underlying neurobiological mechanism
development of MDD.% Thus, our findings in the pathogenesis and maintenance of MDD.47
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Our study has some limitations. First, all severely
depressed inpatients were included in the analy-
sis, without any specific criteria for selecting the
melancholic subtype of depression. This decision
was made based on the rationale that, although
not all severe depression is necessarily melan-
cholic, we could find more melancholic features
in a sample of depressed inpatients than in other
settings, even as proposed by the DSM-5.48
Further, there is no highly specific classification
system for detecting melancholia. However, by
using this strategy, we may have created a con-
servative bias against our hypothesis. Therefore,
the inclusion of non-melancholic patients in the
analysis could decrease the strength of the asso-
ciation between our variables and explain the
small magnitude of the effect found in our study.
Second, our main hypothesis was to evaluate
whether cytokines were associated with individual
melancholic signs and symptoms, in order that
our control group was useful for evaluating demo-
graphic differences between our sample of
severely depressed inpatients and baseline levels
of cytokines. However, conclusions on differences
between cases and controls can hardly be drawn
based on unadjusted comparisons. Future studies
could elucidate this hypothesis.

Third, we decided not to use any specific correc-
tion for multiple comparisons in the statistical anal-
ysis. This is consistent with the rationale that the
emphasis on null hypothesis significance testing
may harm the reproducibility of the findings and
does not incorporate prior information from the lit-
erature, as Bayesian analysis does.#® Recently, we
also highlighted the harm that the correction for
multiple statistical testing can make for psychiatric
research.>® Since this is a novel and preliminary
study that evaluated several inflammatory markers
among six melancholic features, we decided to
keep the crude p values, which would be replicated
later in other samples. We suggest that further
studies may incorporate our findings when repro-
ducing the results and may compute the estimative
effects more precisely. However, the possibility of
alpha error among some of the associations between
the inflammatory markers and melancholic features
cannot be ruled out. Finally, we did not control our
analysis to other potential non-measured variables,
such as anti-inflammatory drugs.

Conclusion
In short, we demonstrated that there are different
inflammatory patterns among the different

melancholic features of MDD. This finding helps
to further elucidate the pathophysiology of MDD,
indicating that there is a trend toward an anti-
inflammatory response among less severe symp-
toms (depressed mood) and a high inflammatory
response in the most severe clinical feature (psy-
chomotor retardation). We believe that, sup-
ported by previous evidence and our present
findings, these findings could help practitioners
to integrate biological markers and clinical fea-
tures in the search for novel therapeutic agents to
treat MDD.
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